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(57) : An apparatus for growing a single crystal (20) 
comprising at least a main chamber (1) enclosing a cru- 
cible (5, 6) for accommodating a raw material meit (4) 
and a healer (7) for heating the raw material melt and a 
pulling chamber (2) continuously provided above the 
main chamber, into which a grown single crystal is pulled 
and stored, wherein the apparatus further comprises a 
cooling cylinder (1 1 ) that extends at least from a ceiling 
of the main chamber toward a raw material meit surface 
so as to. surround a single crystal under pulling (3) and 
is forcibly cooled with) a cooling, medium, and an auxil- 
iary cdoling member (13) extending below the cooling 
cylinder and having a cylindrical shape or a shape ta- 
pered toward the downward direction. There Is provided 
an apparatus for growing a single crystal that can exert 
cooling effect on a grown single crystal to the maximum 
extentlso as to accelerate the crystal growth rate and 
safely produce a single crystal without leakage of cool- 
ing medium due to breakage etc. 
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Description 

Technical Field 

[0001] The present Invention relates to an apparatus 
for growing a single crystal used for production of single 
crystals such as silicon single crystals by the Czochral- 
ski method (also referred to as the "CZ method" or "pull- 
ing method" hereinafter), a production method and a sin- 
gle crystal. 

Background Art 

[0002] Hereafter, conventional art relating to the 
present invention will be explained by exemplifying 
growing of a silicon single crystal. 
[0003] An apparatus for growing a single crystal used 
for producing a silicon single crystal by the CZ method 
generally comprises a crucible accommodating a raw 
material melt, which can be moved upwardly and down- 
wardly, and a heater disposed so as to surround the cru- 
cible, both of which are provided in a main chamber for 
growing a single crystal, and a pulling chamber for ac- 
commodating and taking out a grown single crystal is 
continuously provided above the main chamber. When 
a single crystal is produced by using such an apparatus 
for growing a single crystal, a seed crystal is immersed 
in the raw material melt and carefully pulled upwardly 
with rotation to grow a rod-like single crystal, while the 
crucible is. moved upwardly according to the growth of 
the crystal so that the melt surface should be always 
maintained at a constant height in order to obtain de- 
sired crystal quality. 

[0004] Further, when the single crystal is grown, the 
seed crystal attached to a seed holder is immersed in 
the raw material melt, and then the seed crystal is pulled 
upwardly with rotation in a desired direction by carefully 
winding up a wire by means of a pulling mechanism to 
grow a single crystal ingot at the end of the seed crystal. 
In this case, in order to eliminate dislocations produced 
when the seed crystal is brought into contact with the 
melt, the crystal in an early stage of the growth is once 
made thin to a small diameter of about 3 to 5 mm, and 
then the diameter is increased after the dislocation are 
eliminated so as to grow a single crystal ingot of desired 
quality. 

[0005] At this time, the pulling rate for a portion having 
a constant diameter of the single crystal ingot is usually 
extremely slow, i.e., about 0.5 to 1 mm/min, and if it is 
pulled fast by constraint, there arisen problems, for ex- 
ample! the growing single crystal is deformed and thus 
a cylindrical product having a constant diameter can no. 
longer be obtained, slip dislocations are generated in 
the single crystal ingot, the crystal is detached from the 
melt and thus it cannot be a product and so forth. There- 
fore, Increase of the crystal growing rate Is iimited. 
[0006] However, for me purpose of improving produc- 
tivity and reducing cost in the production of single crystal 



ingots by.the aforementioned CZ method, increase of 
the single crystal growth rate is one of considerable 
means, and various improvement have hitherto been 
made to achieve increase of the single crystal growth 
s rate. 

[0007] The pulling rate, I.e., the single crystal growth 
rate is determined by the heat balance of the growing 
crystal. The heat quantity incorporated into the crystal 
consists of inflow heat quantity from the melt and the 

10 heater and solidification latent heat generated when the 
melt crystallizes. When the heat balance of the growing 
cryst.al is considered, it is necessary that outflow heat 
quantity emitted out of the crystal from the crystal sur- 
face and the seed crystal should be equal to the sum of 

15 the inflow heat quantity and the solidification latent heat. 
The solidification latent heat depends on the volume of 
the crystal growing per unit time. Therefore, in order to 
increase the crystal growth rate, it is necessary to com- 
pensate increase of solidification latent heat provided 

20 by increase of the crystal growth, rate by reducing the 
inflow heat quantity o r Increasing th e outflow heat quan- 
tity. 

[0008] Therefore, it Is generally used a method of ef- 
ficiently removing heat emitted from the crystal surface 

25 to increase the outflow heat quantity. 

[0009] As one of such means, there was proposed ap- 
paratus in which the pulling rate is increased by provid- 
ing cooling means In the main chamber so as to sur- 
round a single crystal ingot under pulling and thereby 

30 efficiently cooling the single crystal ingot under pulling. 
For example, there is the apparatus disclosed In Japa- 
nese Patent Laid-open (Kokai) Publication No. 
6-211589. In this apparatus, a gas flow guide cooling 
cyllnder.having a double structure consisting of an outer 

35 cooling cylinder composed of metal and an Inner cooling 
cylinder composed of graphite or the like is provided 
from the bottom portion of the pulling chamber to the 
inside of main chamber so as to concentrically surround 
a single crystal ingot under pulling and thereby heat gen- 

40 erated in the inner cooling-cylinder Is transferred to the 
outside by the outer cooling cylinder, so that tempera- 
ture increase of the innercooling cylinder should be sup- 
pressed and cooling efficiency of the crystal should be 
improved. 

45 [0010] Apparatuses utilizing cooling.medium.such as 
water in order to more efficiently cool a growing single 
crystal are also disclosed. For example, in the apparatus 
for growing a single crystal disclosed in Japanese Pat- 
ent Laid-open (Kokai) Publication No. 8-239291 , a cool- 

50 ing duct for circulating a liquid refrigerant is provided in 
a main chamber and a cooling member composed of a 
material having high heat conductivity such as silver is 
provided below the duct so as to rapidly transfer heat 
emitted from crystal surface to.the outside and thereby 

55 attain effective cooling of crystal. However, if fluid such 
as water generally used as the cooling medium ap- 
proaches the melt surface heated to a high temperature 
exceeding 1000°C J it may be a cause of phreatic explo- 
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slon and thus dangerous. Therefore, in this apparatus, 
safety Is secured by separating the cooling duct from 
the melt surface. 

[0011] In these apparatuses, for example, in the 
aforementioned apparatus disclosed In Japanese Pat- 5 
ent Laid-open (Kokai) Publication No. 6-211589, the 
outer cooling cylinder composed of metal and the inner 
cooling cylinder composed of graphite or the like in the 
double structure of the cooling cylinder show a differ- 
ence in coefficient of thermal expansion and they are to 
impossible to be always in perfect contact with each oth- 
er. As for the disclosed apparatus, it is described that 
the . diameter is made gradually smaller toward the 
downward direction so as to secure a larger contact ar- 
ea. However, even in such a case, they are actually con- 
tacted in a line and perfect contact cannot be obtained. 
Therefore, in an actual practice, a gap Is formed be- 
tween the outer cooling cylinder and the inner cooling 
cylinder and it acts as a heat insulating layer Further- 
more, there exists contact thermal resistance between 
the outer, cooling cylinder and the Inner cooling cylinder. 
This contact thermal resistance depends on type of ma- 
terial and surface condition, and it cannot be easily de- 
termined. However, in the structure used in the dis- 
closed apparatus, the Inner cooling cylinder cannot be 
cooled sufficiently and thus there is a problem that it Is 
still Impossible to exert significant crystal cooling effect. 
[0O12] On the other hand, as for the apparatus for 
growing a single crystal disclosed in Japanese Patent 
Laid-open (Kokai) Publication No. 8-239291, the cooling 
duct and the mett surface are separated and thus atten- 
tion is paid forsafety. However, in such a structure, the 
whole cooling duct Is disposed at approximate center of 
the Inside of the.maln chamber, and It causes problems 
concerning workability and operability in practical use. 
Further, it is difficult to secure sufficient strength of the 
duct due to its structure, and it is expected that the risk 
of leakage of liquid refrigerant due to breakage of the 
duct would increase. 

[0O1 3] Furthermore, there is an area between the 
cooling duct and the pulling chamber where the crystal 
is not sufficiently cooled. Therefore, the apparatus can- 
not always provide efficient removal of the outflow heat 
quantity emitted from the crystal, and it cannot be con- 
sidered sufficient for obtaining significant cooling effect. 

Disclosure of the Invention 

[0014] In view of the aforementioned problems, an ob- 
ject of the present invention is to provide an apparatus 
for growing a single crystal that can exert cooling effect 
on a grown single crystal to the maximum extent so as 
to accelerate the crystal growth rate and safely produce 
a single crystal without leakage of cooling medium due 
to breakage, melt down etc., as well as a method for 
producing a single crystal utilizing such an apparatus 
and a single crystal produced by utilizing such an appa- 
ratus. 



[0015] In order to attain the aforementioned object, 
the apparatus for growing a single crystal of the present 
invention Is an apparatus for growing a single crystal 
comprising at least a main chamber enclosing a crucible 
for accommodating a raw material melt and a heater for 
heating the raw material melt and a pulling chamber 
continuously provided above the main chamber, into 
which a grown single crystal is pulled and stored, where- 
in the apparatus further comprises a cooling cylinder 
that extends at least from a ceiling of the main chamber 
toward a raw material melt surface so as to surround a 
single crystal under pulling and is forcibly cooled with a 
cooling medium, and an auxiliary cooling member ex- 
tending below the cooling cylinder and having a cylin- 
drical shape or a shape tapered toward the downward 
direction. 

[0016] If a cooling cylinder that is forcibly cooled with 
a cooling medium , and an auxiliary cooli ng. memberthat 
downwardly, extends from the cooling cylinder are pro- 
vided as described above, the heat radiation from the 
heater is shielded by the auxiliary cooling member so 
that the single crystal at an extremely high temperature 
pulledfrom the raw material melt is gradually cooted and 
further effectively cooled by the cooling cylinder as it 
moves upwardly. As a result, it becomes possible to In- 
crease the growth rate of the crystal. In particular, the 
structure where the cooling cylinder that extends from 
the ceiling of the main chamber toward the raw material 
melt surface is forcibly cooed with a cooling medium im- 
proves the cooling capacity and enables cooling of crys- 
tal by effectively utilizing the space In the upper part of 
the main chamber. Therefore, it becomes possible to 
use a longer region where the crystal can be forcibly 
cooled and thus higher crystal cooling effect can be ob- 
tained. 

[0017] Further, since the cooling cylinder is separated 
from the melt surface at an extremely high temperature 
by a sufficient distance, the melt would not be brought 
into contact with the cooling cylinder due to scattering 
of melt caused during the melting operation of the raw 
material or caused by rarely happening earthquake or 
the like and thus breakage or melt down thereof Is not 
caused. Therefore, a single crystal can be grown very 
safely. 

[001 8] In the apparatus for growing a single crystal 
according to the present invention, the aforementioned 
cooling cylinder is preferably composed of iron, nickel, 
chromium, copper, titanium, molybdenum, tungsten or 
an alloy containing any one of these metals, or any of 
the aforementioned metals and alloy coated with titani- 
um, molybdenum, tungsten or a platinum group metaL 
[0019] The aforementioned metals are excellent in 
heat resistance and heat conductivity. Therefore, if 
these metals are used for the apparatus of the present 
invention, it can absorb the radiant heat from the heater 
and the melt surface and efficiently transfer it to the cool- 
ing medium such as water. 

[0020] Further, the aforementioned auxiliary cooling 
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member preferably consists of graphite, molybdenum or 
tungsten: - ' • 

[0Q21] These materials are extremely excellent In 
heat resistance, and therefore they can effectively, 
shield the radiant heat from the melt and the heater and s 
are also suitable for cooling.a single crystal ingot at an 
extremely high temperature immediately after the pull- 
ing from the melt surface. Further, if the auxiliary cooling 
member is constituted with such materials, It can be an 
auxiliary member also excellent in durability, and It is 10 
scarcely deformed or suffers from distortion at a high 
temperature. Therefore, it can be used for a long period 
of time, and because of its high mechanical strength, 
the handling at the time of dismounting or cleaning of 
the apparatus for growing a single crystal is concurrently f 5 
becomes easy and workability is also improved. 
[0022] Furthermore, a heat-shielding member is pref- 
erably provided to the aforementioned auxiliary cooling 
member. 

[0023] If a heat-shielding member is provided to the 20 
auxiliary cooling member as described above, the radi- 
ant heat from the heater and the melt can be more ef- 
fectively shielded, and as a result, thecrystal growth rate 
can be further improved. 

[0024] The end of the aforementioned cooling cylin- 2$ 
der is preferably separated from the surface of the raw 
materi al melt contained in the crucible by 1 0 cm or more. 
[0025] If the cooling cylinder is disposed with a pre- 
determined distance from the raw material melt surface 
as described above, the risk of adhesion of the melt to : 30 
the cooling cylinder should be substantially eliminated, 
and therefore a single crystal can be grown more safely. 
Further, by providing a distance of 10 cm or more be- 
tween the melt surface and the lower end of the cooling 
cylinder, a fusion ring at a growing position of the crystal 35 
can be easily observed from the outside of the appara- 
tus without any particular processing of the cooling cyl- 
inder, and it is sufficient to provide the auxiliary cooling 
member that can be easily processed with a detection 
window for control of crystal diameter and so forth. 40 
Therefore, the apparatus is simplified and it becomes 
possible to perform stable operation. 
[0O26] A protection member consisting of graphite or 
metal is preferably provided outside the aforementioned 
cooling cylinder. *s 
[0027] By providing a protection member having heat 
resistance outside the cooling cylinder, adhesion of the 
melt scattered during the melting operation of the raw 
material and so forth to the cooling cylinder or deposition 
of material vaporized from the raw material melt during so 
the operation on the surface of the cooling cylinder can 
be suppressed. This makes it possible to perform stable 
operation for a long period of time. Further, the radiant 
heat from the heater and the raw material melt surface 
can also be prevented from directly irradiating the cool- ss 
ing cylinder, and therefore it becomes possible to obtain 
further effective cooling effect. 

[0026] Furthermore, the inner surface of the cooling 



cylinder is desirably subjected to a blackening treat- 
ment. » r 

[0029] By subjecting the inner surface of the cooling 
cylinder to a blackening treatment such as application 
or vapor deposition of graphite or the like, absorption 
efficiency for the heat radiated from the crystal can be 
further improved. Increase of heat absorption efficiency 
of the cooling cylinder provided by the blackening treat- 
ment can realize faster crystal growth. 
[0030] According to the present Invention, there is fur- 
ther provided a method for producing a single crystal 
wherein a single crystal is grown by using the aforemen- 
tioned apparatus for growing a single crystal, and a sin- 
gle crystal wherein it is grown by using the aforemen- 
tioned apparatus for growing a single crystal. 
[0031] By using the apparatus for growing a single 
crystal according to the present invention, a cylindrical 
silicon single crystal can be safely grown at a higher 
crystal growth rate without deformation of the crystal. 
Therefore, it also becomes possible to reduce the pro- 
duction cost as a result. 

[0032] As explained above, the apparatus for growing 
a single crystal of the present invention comprises the 
cooling cylinder that extends at least from the ceiling of 
the main chamber toward a raw material melt surface 
so as to surround a single crystal under pulling and is 
forcibly cooed with a cooling medium, and the auxiliary 
cooling member extending below the cooling cylinder 
and having a cylindrical shape or a shape tapered to- 
ward the downward direction. By using the combination 
of such a cooling cylinder and auxiliary cooling member, 
cooling effect can be exerted to the maximum extent, 
and hence the pulling rate can be increased to dramat- 
ically increase the productivity of single crystal. Further, 
since the auxiliary cooling member not directly cooled 
by the cooling medium or the like is provided below the 
cooling cylinder, the cooling cylinder is protected without 
the risk of contact with the melt at an extremely high 
temperature, and thus safety is further secured. 

» • 

Brief Explanation of the Drawings 
[0033] • 

Fig. 1 is a sectional view showing a schematic struc- 
ture of an exemplary apparatus for growing a single 
crystal according to the present invention. 
Fig. 2 is a sectional view showing a schematic struc- 
ture of the second embodiment of the apparatus for 
growing a single crystal according to the present in- 
vention. . 

Fig. 3 is a sectional view showing a schematic struc- 
ture of the third embodiment of the apparatus for 
growing a single crystal according to the present in- 
vention. 

Fig. 4 is a sectional view showing a schematic struc- 
ture of the fourth embodiment of the apparatus for 
growing a single crystal according to the present in- 
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vention. 

Fig. 5 is a graph showing temperature distribution 
along the crystal growth axis direction obtained by 
simulation. 

Best Mode for Carrying out the Invention 

[0034] Hereafter, embodiments of the present inven- 
tion will be explained by exemplifying growth of silicon 
single crystals with reference to the appended drawings. 
However, the present invention is not limited only to 
growth of these silicon single crystals. For example, the 
apparatus of the present invention can be also used for 
growth of other single crystals such as compound sem- 
iconductors. 

[0035] Fig. 1 is a sectional view showing a schematic 
structure of an exemplary apparatus far growing a single 
crystal according to the present invention. 
[0036] In the apparatus for growing a single crystal 
shown in Fig. 1 , crucibles 5 and 6, which accommodate 
a raw material, for example, a raw material melt 4, a 
heater 7for heating and melting a polycrystal silicon raw 
material and so forth are contained in a main chamber 
1 , and on a pulling chamber 2 continuously provided on 
the main chamber 1 , a pulling mechanism (not shown) 
for pulling a grown single crystal is provided, as in ordi- 
nary apparatuses for growing a single crystal. 
[0037] From the pulling mechanism provided above 
the pullingchamber 2, a pulling wire 16 is reeled out, 
and a seed holder 18 for attaching a seed crystal 17 is 
connected at the end of the wire. The seed crystal 17 
attached at the end of the seed holder 1B is immersed 
In the raw material melt 4, and a single crystal ingot 3 is 
formed below the seed crystal 1 7 by winding the pulling 
wire 1 6 by the pulli ng mechanism. 
[0038] The aforementioned crucibles 5 and 6 consist 
of an I ns Ide q uartz crucib le 5 f o r di rectly accommodatl n g 
the raw material melt 4 and an outside graphite crucible 
6 for supporting the quartz crucible 5. The crucibles 5 
and 6 are supported by a crucible rotating shaft 1 9 that 
can be rotated and moved upwardly and downwardly by 
a. rotation drive mechanism (not shown) provided at a 
lower portion of the apparatus for growing a single crys- 
tal 20. The crucibles are rotated in a direction reverse 
to the rotating direction of the crystal and moved up- 
wardly for a height of melt surface lowered by decrease 
of the melt according to the^pulling of a single crystal 
ingot 3, so that the height of the melt should be main- 
tained constant, in order to prevent change of crystal 
quality owing to change of the melt surface in the appa- 
ratus for growing a single crystal. 
[0039] The heater 7 is disposed so that It should sur- 
round the crucibles 5 and 6, and a heat insulating mem- 
ber 8 for preventing the heat from the heater 7 from di- 
rectly radiating the main chamber is provided outside 
the heater 7 so that it should surround the heater. 
[004O] Further, an Inert gas such as argon gas is in- 
troduced into the chambers 1 and 2 from a gas inlet 10 



provided at an upper part of the pulling chamber 2 with 
the purpose of discharging impurities generated in the 
furnace out of the furnace etc., passed through a space 
above the single crystal ingot 3 under pulling and the 
s melt4to circulate Inside thechambers 1 and2,andthen 
discharged from a gas outlet 9. 

[0041] The main chamber 1 and the pulling chamber 
2 are formed of a metal excellent in heat resistance and 
heat conductivity such as stainless steel, and cooled 

10 with water passing through cooling pipes (not shown) . 
[0042] One of characteristics of the apparatus for 
growing a single crystal according to the present inven- 
tion is to comprise the cooling cylinder 11 . extending at 
least from the celling of the main chamber 1 toward the 

is raw material melt surface so as to surround the single 
crystal Ingot 3 under pulling. 

[O043] In this structure, the upper end of the cooling 
cylinder may be extended to the inside of the pulling 
chamber depending on the attachment status or the 

20 temperature distribution in the furnace. 

[0044] Into the cooling cylinder 11 of the apparatus for 
growing a single, crystal 20 shown in Fig. 1, a cooling 
medium is introduced from a cooling medium inlet 12, 
and the cooling medium circulates through the inside of 

25 the cooling cylinder 11 to forcibly cool the cooling cylin- 
der 11, and then discharged outside. 
[0045] Although any liquid orgas conventionally used 
as a cooling medium can be used as the cooling medi- 
um, it is suitable to use water in view of handling prop- 
so erty, cost and so forth in addition to the cooling charac- 
teristics, thereof. Further, by controlling flow rate and 
temperature of the cooling medium passing through the 
cooling cylinders 11 as required, the heat quantity of the 
cooling cylinder 11 to be removed can be changed, and 

35 therefore a desired cooling atmosphere according to the 
single crystal growth rate can be formed. 
[0046] Although the material of the cooling cylinder 1 1 
is not particularly limited so long as it is a material having 
heat resistance and excellent in heat conductivity, it can 

4o be specifically produced from 1 iron, nickel, chromium, 
copper, titanium, molybdenum, tungsten or an alloy con- 
taining any of these metals. Further, the cooling cylinder 
may be constituted by the aforementioned metals or al- 
loy coated with titanium, molybdenum, tungsten or a 

45 platinum metal. 

[0047] If any of such metals and alloy as mentioned 
above is used, the cooling cylinder 1 1 has extremely ex- 
cellent heat resistance and extremely high heat conduc- 
tivity. Therefore, after absorbing heat emitted from the 

50 single crystal ingot, it efficiently transfer the heat to the 
cooling medium such as watercirculating through inside 
of the cooling cylinder 11 , and lowers the temperature 
around the crystal. Thus, the cooling rate of a single 
crystal can be Improved. 

55 [0048] As another characteristic, the apparatus for 
growing a single crystal according to the present inven- 
tion comprises an auxiliary cooling member in a cylin- 
drical shape or a shape tapered toward the downward 
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direction. 

[0049] In the apparatus for growing a single crystal 20 
shown in Fig. 1 , there Is provided a cylindrical auxiliary 
cooling member 1 3 extending from the lower end of the 
cooling cylinder 11 to a position near the raw material s 
melt surface. The auxiliary cooling member 13 sur- 
rounds the single crystal 3 at a high temperature imme- 
diately after the pulling, and exerting an effect of cooling 
the single crystal 3 by shielding the radiant heat from 
the heater 7 or the meit 4. Further, the cooling cylinder 10 
1 1 is prevented from approaching a position immediate- 
ly above the melt surface, and thus safety is secured. 
Simultaneously, it exerts an effect of guiding flow of inert 
gas flowing downwardly near the crystal from a space 
above the melt. 15 
[0050] Material of the aforementioned auxiliary cool- 
ing member 13 is preferably one showing extremely ex- 
cellent heat resistance and having high heat conductiv- 
ity, and specifically, it is preferably composed of graph- 
ite, molybdenum or tungsten. In particular, graphite is 20 
suitable, since it efficiently shields radiant heat from the 
heater, melt or the like, and shows relatively high heat 
conductivity. Further, the member of which surface is 
coated with silicon carbide may also be used. If such a 
member is used, contamination by impurities from the 25 
auxiliary cooling member can be more favorably sup- 
pressed. 

[0051] By using the auxiliary cooling member 1 3 con- 
sisting of a material showing excellent heat resistance 
and having high heat conductivity as described above, 30 
the heat absorbed by the auxiliary cooling member 13 
is transferred to the cooling cylinder 11 , and emitted to 
the outside via the cooling medium circulating through 
the mside of the cooling- cylinder 11-. 

[0052] I n the apparatus for growing a s in gl e crystal 20 35 
according to the present invention described above, by 
providing the cooling cylinder 11 and the auxiliary cool- 
ing member 13 In combination as described above, the 
single crystal 3 at a extremely high temperature imme- 
diately after the growth from the melt 4 is first effectively *o 
cooled because the radiant heat from the heater 7 and 
so forth Is shielded by the auxiliary cooling member 13. 
Then, as the single crystal 3 is further, pulled, It faces 
the cooling cylinder 11 and cooled by the cooling cylin- 
der 11 in a region reaching at least the ceiling of the main 45 
chamber 1, and therefore the crystal is cooled widely 
and efficiently. Accordingly, the outflow heat, quantity 
from the crystal is surely removed and the cooling effect 
is exerted to the maximum extent. Thus, It becomes pos- 
sible tc pull the crystal at an extremely high growth rate. 50 
[0053] Shape of the auxiliary cooling member of the 
apparatus for growing a single crystal according to the 
present invention Is not limited to the aforementioned 
cylindrical shape, and it may have a shape tapered to- 
ward the downward direction. 55 
[0054] Fig. 2 is a sectional view showing a schematic 
structure of another example of the apparatus for grow- 
ing a single crystal according to the present invention. 



[0Q55] In this apparatus 20a, an auxiliary cooling 
member 13a extends from the ceiling of the main cham- 
ber 1 downwardly so as to surround the cooling cylinder 
11 , and has a shape tapered from a position near the 
lower end of the cooling cylinder 11 toward the down- 
ward direction. At a position near the raw material melt 
surface, the end portion of the auxiliary cooling member 
1 3a approaches the growing single crystal ingot 3. This 
structure prevents adhesion of the melt 4 scattering dur- 
ing the melting operation of the raw material and so forth 
to the cooling cylinder 11 , and also has an advantage 
that it effectively shields the radiant heat from the sur- 
face of the melt 4 in addition to the radiant heat from the 
heater 7. 

[0056] Fig. 3 is a sectional view showing a schematic 
structure of a further example of the apparatus for grow- 
ing a single crystal according to the present invention. 
[0057] In this apparatus 20b, a thick heat-shielding 
member 14 is provided at the end of the auxiliary cooling 
member 13b having a shape tapered from a position 
near the.lower end of the cooling cylinder 1 1 toward the 
downward direction, as In the apparatus 20a shown in 
Fig. 2. By providing the heat-shielding member 1 4 to the 
auxiliary cooling member 1 3b, the radiant heat from the 
heater 7 and the melt 4 can be more effectively shielded, 
in particular, at a position near the melt surface at a h igh 
temperature, and therefore the growth rate can be fur- 
ther improved. 

[0058] Material of the heat-shielding member 14 may 
be, in particular, one showing excellent heat resistance 
and having high heat conductivity and, for example, the 
materials exemplified as the material of the auxiliary 
cooling member 13b, i.e., graphite, molybdenum or 
tungsten, or silicon carbide,-or graphite coated with sil- 
icon carbide, are preferably used. If any of such mate- 
rials is used, it becomes possible to more favorably 
shield the radiant heat from the heater or the melt sur- 
face. 

[0059] Fig. 4 is a sectional view showing a schematic 
structure of a further example of the apparatus for grow- 
ing a single crystal according to the present invention. 
[0060] In this apparatus 20c, there is.disposed the 
cooling cylinder 11 extending from a lower position in 
the pulling chamber 2 into the main chamber 1 as in the 
apparatus 20 shown in Fig. 1 . There is provided a cylin- 
drical auxiliary cooling member 13c extending from In- 
side of the cooling cylinder 11 at a lower position thereof 
to a position near the raw material melt, and a heat- 
shielding member 1 4c Is provided at the periphery of the 
end. of the auxiliary cooling member 13c. 
[0061 ] Although the auxiliary cooling member 1 3c and 
the heat-shielding member 14c are somewhat different 
in their shapes respectively from those provided in the 
apparatuses'20, 20a and 20b shown above, the auxilia- 
ry cooling member 13c also exerts the effect of cooling 
the grown single crystal 3 by shielding the radiant heat 
from the heater 7 in the space from the neighborhood 
of the melt surface to the cooling cylinders 1 1 , and the 
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heat-shielding member 1 4c has surfaces facing the melt 
4 and the heater 7, and can more effectively shield the 
radiant heat, as in the cases described above. 
[0062] In the apparatus 20c shown in Fig. 4, a protec- 
tion member 15 is further provided outside the cooling 
cylinder 1 1 . This protection member 1 5 extends from the 
ceiling of the main chamber 1 , and it is disposed so as 
to cover the outer surface of the cooling cylinder 11 in- 
cluding its end surface in the main chamber 1 . 
[0063] By providing such a protection member 1 5, ad- 
hesion of the melt 4 that may be scattered during the 
melting operation of the raw materia! and so forth to the 
cooling cylinder 11 can be prevented, and direct irradi- 
ation of the radiant heat from the heater and so .froth to 
the cooling cylinder 11 can also be reduced. Thus, the 
heat removal effect of the cooling cylinder 1 1 is also im- 
proved. 

[00S4] As the material of the protection member 15, 
graphite or a metal having heat resistance can be used. 
[0065] In.any of the aforementioned embodiments, 
the endof thecooling cylinder 11 is preferably separated 
from the raw material melt surface by 10 cm or more. 
The effect of rapidly cooling the crystal is improved as 
the cooling cylinder 11 becomes closer to the melt sur- 
face. However, since a position near the melt surface is 
at a high temperature exceeding 1000°C, if the end of 
the cooling cylinder 11 is separated from the melt sur- 
face by a distance less than 1 0 cm, the cooling cylinder 
1 1 per se will also be heated to a high temperature and 
there arises a possibility that the cooling cylinder 1 1 may 
be degraded and broken, for example. Further, if the dis- 
tance between the cooling cylinder 11 and the melt sur- 
face is too small, the length of the auxiliary cooling 
member ..extending downwardly from the cooling cylin- 
der 1 1 may become extremely short even if such a mem- 
ber can be provided, or it may become impossible to 
provide such a member. Therefore, it becomes difficult 
to obtain the protection effect for the cooling cylinder by 
the auxiliary cooling member. Accordingly, the end of the 
cooling cylinder 1 1 is preferably separated from the raw 
material melt surface by 10 cm or more. 
[0066] Further, the cooling cylinder 1 1 extending from 
the ceiling of the main chamber 1 toward the raw mate- 
rial melt surface desirably has a length of 5 cm or more. 
If the length of the cooling cylinder. 11 Is less than 5 cm, 
It is difficult to obtain the desired cooling effect. Further, 
when the crystal 3 enters into the pulling chamber 2, 
heat removal effect by the pulling chamber 2 can be ex- 
pected, and therefore the cooling cylinder 1 1 preferably 
extends from the ceiling of the main chamber 1 toward 
the raw material melt surface by 5 cm or more. 
[0067] The distance from the ceiling of the main 
chamber 1 to the melt surface may vary depending on 
the structure of the apparatus or growing conditions of 
single crystal ingot, and the length of the cooling cylinder 
11 itself should be determined according to the length 
of the chamber of the apparatus for growing a crystal 
and the operation conditions. However, in order to ob- 



tain the effect of the cooling cylinder 11 of the present 
invention, if the gap between the melt surface and the 
end of the cooling cylinder 11 is controlled to be 10 cm 
or more for the case where the length of the cooling cyl- 

s inder.is the longest, or the distance from the ceiling of 
the main chamber to the end of the cooling cylinder is 
controlled to be 5 cm or more for the case where the 
length of the cooling cylinder is the shortest, the afore- 
mentioned effect can be surely obtained. 

10 [0066] Furthermore, by providing the cooling cylinder 
1 1 as described above, gas f Idw guide effect for inert 
gas such as argon that is passed through the inside of 
the cooling cylinder 11 from above can be increased, 
and cooling effect by the gas can also be obtained. 

15 Moreover, a sufficient gap is secured between the end 
of the cooling cylinder 11 and the melt surface. As a re- 
sult, it becomes possible to observe a growing portion 
of the single crystal ingot 3 on the melt through this gap, 
and thus the growing portion of the crystal ingot can be 

20 observed without any difficulty only by providing a de- 
tection window for detection of diameter or view port en- 
abling operators to know growing status of the crystal 
for only the auxiliary cooling members 13, 13a, 13b or 
13c. This simplifies the apparatus and provides more 

25 uniform cooling effect by the cooling cylinder. 

[0069] Further, if the inner surface of the cooling cyl- 
inder 11 is subjected to a blackening treatment such as 
application or vapor deposition of graphite to blacken 
the surface thereof, heat absorption effect of the cooling 

30 cylinder 11 can be further improved, and it becomes 
possible to more effectively absorb the radiant heat from 
the grown single crystal 3. Thus, the cooling effect is 
improved. 

[0070] Further, in the apparatus for growing a single 

35 crystal according to the present invention explained 
above, thermal history of the grown single crystal can 
be freely controlled by changing the position of the melt 
surface with respect to the cooling cylinder by a driving 
mechanism or suitably selecting the length of the auxil- 

40 iary cooling member. For example, by making the cool- 
ing cylinder closer to the melt surface and simultane- 
ously bringing the auxiliary cooling member to a position 
Immediately above the melt surface, rapid cooling effect 
can be obtained. Conversely, if the cooling cylinder is 

45 : made remoter from the melt surface and the auxiliary 
cooling member is also made remoterfrom the melt sur- 
face, gradual cooling effect can be obtained. Further, by 
making the cooling cylinder remoter from the melt sur- 
face and simultaneously bringing the auxiliary cooling 

50 member to a position immediately above the melt sur- 
face, it is also possible to control the aggregation tem- 
perature zone of crystal defects called grown-in defects 
and the temperature zone concerning the oxygen pre- 
cipitation in the crystal to be in a desired region. 

55 [0071] Furthermore, it is of course possible to use the 
apparatus of the present invention in the pulling meth- 
ods under magnetic field (referred to as °MCZ method" 
hereafter) in which an electromagnet 21 is provided out- 
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side the main chamber 1 accommodating the melt 4 as 
shown In Fig. 4 and the single-onystal 3 is grown with 
application of a magnetic field, and thereby obtain a sim- 
ilar effect. In. particular. If the apparatus of the present 
invention is used for an apparatus for growing a single 
crystal by the MCZ method for the production of a large 
single crystal, the crystal growth rate can be more effec- 
tively improved and therefore marked improvement of 
productivity can be expected. 

[0072} The present invention will be explained more 
specifically with reference to the following working ex- 
ample and comparative example. However, the present 
invention is not. limited to these, 

(Example) 

[0073] A silicon single crystal ingot was grown by the 
MCZ method using the apparatus forgrowing a single 
crystal 20c shown in the Fig. 4. The material of the cool- 
ing cylinder 11 was stainless steel, and water was used 
as a copling medium. The auxiliary cooling member 1 3c, 
the heat-shielding member 1 4c and the protection mem- 
ber 1 5 were composed of graphite material. The cooling 
cylinder 11 (length: 30 cm) was disposed so that its end 
should be separated from the melt surface by 25 cm, 
and the auxiliary cooling member 1 3c was brought to a 
position immediately near the melt surface to perform 
the operation. On the other hand, a magnetic field was 
applied to the silicon melt 4 so that the magnetic field 
strength atthe center of horizontal magnetic field should 
be 4000 G, and a hot zone that can accommodate a 
crucible having a diameter of 24 inches was used. 
[0074} An amount of 150 kg of polycrystal silicon raw 
material-was introduced into the crucible having a diam- 
eter of 24 inches, and a single crystal having a diameter 
of B Inches and a length of constant diameter portion of 
about 100 cm was grown. As a result, a silicon single 
crystal in an approximately cylindrical shape could be. 
obtained at an average pulling rate of 2.0 mm/mi n for 
the constant diameter portion of the single crystal with- 
out any deformation. Then, 100 kg of the raw material 
was introduced into a crucible of a similar size, and a 
crystal having a diameter of 6 inches and a length of 
constant diameter portion of about 100 cm was grown. 
As a result, a silicon single.crystal in an approximately 
cylindrical shape could be obtained at an average pull- 
ing rate of 2.6 mm/min forthe constant diameter portion 
of the single crystal without any deformation. 

(Comparative Example) 

[0075] Single crystals were grown under the same 
conditions as the example except that used was an ap- 
paratus for growing a single-crystal in which a graphite 
cylinder was suspended from the ceiling of the main 
chamber instead of the cooling cylinder of the apparatus 
for growing a single crystal used in the aforementioned 
example. The lengths of the grown single crystals were 
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also approximately the same as the lengths pulled in the 
example. 

[0076] As a result, although single crystals in an ap- 
proximately cylindrical shape can be grown without 

s crystal deformation at an average pulling rate of 1 .4 mm/ 
mm forthe constant diameter portion for a crystal having 
a diameter of B inches or 1 , 8 mm/min for a crystal having 
a diameter of 6 inches, single crystal could not normally 
grown at a pulling rate higher than the above level, be- 

10 cause there were caused problems, for example, crystal 
was deformed during the growth, slip dislocations were 
generated and so forth. 

[0077] To investigate the cause of these results, sim- 
ulation was performed by using global heat transfer 

15 analysis, software, called FEMAG (F. Dupret, P. Nico- 
deme, Y. Ryckmans, P Wouters and MJ. Crochet, Int. 
J. Heat Mass Transfer, 33, 1849 (1990)). As a result, the 
results shown .In Rg. 5 were obtained. From th.e results 
shown in Fig. 5, it can be seen that the apparatus of the 

20 example provided with the cooling cylinder could have 
a more excellent apparatus structure of rapid cooling 
type by the effect of the cooling cylinder compared with 
the apparatus of the comparative example, and thus it 
could efficiently eliminate the heat of the grown single 

25 crystal. For confirmation, temperature distributions In 
the furnaces of the apparatuses of example and com- 
parative example were determined. As a result, temper- 
ature distributions substantially same as the simulation 
were obtained. Therefore, by using the apparatus of the 

30 present Invention, the temperature distribution in the fur- 
nace of the apparatus for growing a single crystal was 
changed to that of rapid cooling type by the use of the 
apparatus of the present invention and the cooling rate 
of the crystal was increased.- As a results the' increase 

35 of the pulling rate was attained. 

[0078] The present invention is not limited to the em- 
bodiments described above. The above-described em- 
bodiments are mere examples, and those having the 
substantially same structure as that described in the ap- 

40 pended claims and providing similar functions and ad- 
vantages are included in the scope of the present inven- 
tion. 

[0079] For example, while the apparatus of the 
present invention was explained by exemplifying an ap- 

45 paratus for growing a single crystal by the CZ method 
in which a single crystal is grown without applying a 
magnetic field and an apparatus for growing a single 
crystal by the HMCZ method in which a single crystal is 
grown with applying a horizontal magnetic field to the 

so melt, similar effect can of course be obtained in appa- 
ratuses for growing a single crystal utilizing other mag- 
netic fields including cusp magnetic field, vertical mag- 
netic field and so forth. 

55 

Claims 

1 . An apparatus for growing a single crystal compris- 



6 



15 



EP1 182 281 A1 



•. . 

ing at least a main chamber enclosing a crucible for 
accommodating a raw material melt and a heater 
for heating the raw material melt and a pulling 
chamber continuously provided above the main 
chamber, into which a grown single crystal Is pulled 5 
and stored, wherein the apparatus further compris- 
es a cooling cylinder that extends at least from a 
ceiling of the main chamber toward a raw material 
melt surface so as to surround a single crystal under 
pulling and is forcibly cooked with a cooling medium, to 
and an auxiliary cooling member extending below 
the cooling cylinder and having a cylindrical shape 
or a shape tapered toward the downward direction. 

2. The apparatus for growing a single crystal accord- t5 
ing to Claim 1 , wherein the cooling cylinder is com- 
posed of iron, nickel, chromium, copper, titanium, 
molybdenum, tungsten or an alloy containing any 
one of these metals, or any of the metals and alloy 
coated with titanium, molybdenum, 1 tungsten or a &> 
platinum metal. 

3. The apparatus for growing a single crystal accord- 
ing to Claim 1 or 2, wherein the auxiliary cooling 
member consists of graphite, molybdenum or tung- 25 
sten. - 

4. The apparatus for growing a single crystal accord- 
ing to any one of Claims 1 -3, wherein a heat-shield- 
ing member is provided to the auxiliary cooling 30 
member. 

5. The apparatus for growing a single crystal accord- 
ing to any :one of Claims 1 -4, wherein an end of the 
cool ing cylinder is separated from the surf ace of the 35 
raw material melt contained in the crucible by 1 0 cm 

or more. 

6. The apparatus for growing a single crystal accord- 
ing to any one of Claims 1-5, wherein a protection *o 
member consisting of graphite or metal is provided 
outside the cooling cylinder. 

7. The apparatus for growing a single crystal accord- 
ing to any one of Claims 1 -6, wherein an . inner sur- 
face of the cooling cylinder is subjected to a black- 
ening treatment. 

8. A method for producing a single crystal, wherein a 
single crystal is grown by using an apparatus for so 
growing a single crystal according to any one of 
Claims 1-7. 

9. A single crystal, wherein it is grown by using an ap- 
paratus for growing a single crystal according to any ss 
one of Claims 1-7. 
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FIG. 2 
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FIG. 3 
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FIG. 4 
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